Detection of heme oxygenase activity in a library of four-helix bundle proteins: towards the de novo synthesis of functional heme proteins.
Design and chemical synthesis of de novo heme proteins with enzymatic activity on cellulose membranes is described. 352 antiparallel four-helix bundle proteins with a single histidine for heme ligation were assembled from three different sets of short amphipathic helices on membrane-bound peptide templates. The templates were coupled by linkers to cellulose membranes of microplate format, which could be cleaved for control of intermediate and final products. The incorporation of heme and the heme oxygenase activity of the 352 proteins were monitored by measuring UV-visible spectra directly on the cellulose. The kinetics of the heme oxygenase reaction was studied by monitoring the decrease of the Soret band and the transient absorbance of verdoheme being an intermediate product in the formation of biliverdin. Four of the proteins covering a broad range of the enzymatic rate constants were selected and synthesized in solution for further characterization. Detailed studies by redox potentiometry, analytical ultracentrifugation, and electron paramagnetic resonance spectroscopy yielded information about the aggregation state of the proteins, the spin state and the putative coordination environment of the iron. The amount of five-coordinated high-spin iron and a positive reduction potential were found to promote the oxygenase activity of the proteins.